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Abstract of JP2000196201 

PROBLEM TO BE SOLVED: To improve light 
confining efficiency in an optical guide, inside 
optical guide layers by enhancing refractive 
indexes of the optical guide layers and hence 
the refractive index difference between optical 
guide layers and clad layers. 
SOLUTION: A p-side optical guide layer 9 has 
a superlattice structure, having a first Mg- 
doped nitride semiconductor and a second 
undoped nitride semiconductor, either of which 
contains In. An n-side optical guide layer 5 has 
a superlattice structure, having a third 
undoped nitride semiconductor and a fourth 
undoped nitride semiconductor, either of which 
contains In. This enhances the refractive 
indexes of the n- and p-side optical guide 
layers 5, 9, hence the refractive index 
difference from an n- and p-side clad layers 4, 
10. Then light confining efficiency in an optical 
guide inside the n- and p-side optical guide 
layers 5, 9 is improved, to obtain a nitride 
semiconductor laser element having high 
emission efficiency. 
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m&tfi't K»i. Pil^tf-* HJlliMg H-7V)3S 

i <7)mm*m&t r> Y-rn^nmtmm&b 

c is^4 1 lute? 5 -x hjico p *> . p rao? 7 v vm 
tisi H-r^7oM^¥gftt7yH-7V9Si8 

[I9*JI6 ] mUx>m<n? y y H/f tt. M g F-7V>» 

immi j itienffl(7)?7 7 ymm. s i H-ross 
7w<g.4mmwk7y Y-7<r)W,s<r>m?fa i mw<?> 

mftT-mm & t>%&zbz®mbi-m%m5 izmuco 

[is*Ji8] mm i m(r)#pmtf7vY-T<r>\ n x 

Ga,-iN(0. l^XSO. 6) X'&hZb&mt 

■tmxm i it>m*X7 iz%m<nm.{vto*mfri'~r 
mxm) wfflmmt pm%#4 HstoratMg 

Y-7<7)A l y Ga,.,N (OSYS 1 ) p»7) 
*+ yr;i£l 0 0*y^Xho-A«DJS$T1£ft6.r 



[0001 ] 

<D%atT'u xizmztihmmtmi* < a i x g a Y 

I ni. x . Y N. 0SX, 0£Y, X + Ygl ) 

strati.. 

[00023 

[ft#Ofic»] !B*liGaN»S«0±&;:» *Sttl££tr 
^tft^frU— (^S^^f^LT, -S^T'»tSS 
T'cOilgM 1 7H%m&±£%& UzZ bZfi&kUc 

(INCS'97 Wft.October 27-31. 1997, P444-446, St/ 
Jpn.J.Appl.Phys.Vol.36(1997)pp.L1568-L1571.Part2,N 
0.12A.1 December 1997). MIU- f^J: 0 

r 4 TStSS-Rfc* LTG a N#*t>i tl Z b £ J: 

0 , 5 mWUi^T* 1 1 7J^Xh^))iM%ffi Lfc 
^ t L/C (Jpn.J.Appl . Phys. Vol . 37(1998)pp. L309 
-L312,Jtf/Appl . Phys. Lett. Vol .72 (1998) No. 16.2014-20 
16). 

[0003] Wt&OU— m?<7)ffimi. I«tll 
S«Lh. X{iGaNafiLhCfigg$^nSGaN^± 

KJ8LTA 1 G<iU&-&timm L ffim.frt>%hnm7y 
•v HI. n il? y -y Hii±gi5t«tt®i pM?77 H* 
Srirtf^y^rD^jtSrW-f S (PUJiJpn.J.Appl .Ph 
ys.Vol.37(1998)pp.L309-L312#Bg) . Z<r>\s~Wtmt 
7 0mA. 031imfft»JS5kA/cm2{CfeV^, 4 0 
8 . 5 n mO^y^t- HT^ffi-TS . mW,zmh 

Wtevx-hh. 

[0004] 

[»w#jb«l J: a bi-mm) mmA o o n m#jg 
ou— mzn&izit. £*)m%v>7mi)W±tiT 

[0005] 

m&itiMz, *mK-\&t#<t vn<7>mmi&< 

1. **h vmb?y -y mtommztf** < 

Tfc*'^ HI i 0 rtfflST'£03tWffl tWihmt: 
[00063 

LfcSWWSrBfiBH-C*'). U-1f3IW)ftfi*|6itSiI 
^(SlT-S^Sr^BiL/cfgWllS-^LTl-^. i«o0t: 
fc^TKiPSS^. 3IJSiK-7«GaN*'^S 
nv97Y®. 4liSiH-7<0InGaN*^5* 
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BVR. 5\Z7VY-r<r)k 1 GaNtS i H-TfiOGa 

-7<T> \ nGaNtryK-7"<0GaNtC0i@(&ffl)ii 
nBBbJf-r H«. 7(i I nGaN^llftF 
«JS3&»4>«r*attiB, 8»iM g F-7V)A 1 GaNK 
^SpI^7 Til. 9<i7yH-T<?)I nGaNtM 

1. 1 0{iTyh*-r<OAl GaNtMgF-r^)Ga 
H-rWGaN*^^r|.pil3y^^ Mfr^LT^ 
[0007] *^BJ(inffl|. pfiHP}^^ FflOSff* 

£<-f 6.1 tick 1 ,. 3^Kfc*fc**MMF«J:0 

**-C'«4 0 0 n mttiBT*3!W4W--V*PCli. * 
#4 FJBU I n££*&^GaN*<<&bfiT:fc9. 

U H«JBJf*^)KvW nGaNk 

•ft z fc T\ fttf>H < * 0 . Bft3&¥*> 
»^HftlHMm»*W-WFS' ft* i t h «k p fc 

[ o o o 8 ] , ^mcomim^mt^u—fm^cr, 

WmZ\ 4 0 0 n m*^ 540nm. ftliZ 4 3 0 n m*> 
k 5 4 0 n maa8ftS£<Br&C& & . £Oft&»£tt 
iSttJB+^F«*>»i«?ifc4D. In,Ga,.,N 
(0. UXgO. 6) ?>X<Offi % HP^I n*)Sifiit£ 

[00 09] Pffl3<7)3t^ KJItt. MgK-7V> 
91 1 ttflflflttWIcJ: 7^ H-r««2 OHflfl**** 
<7) d *> . v vf ilfr-Utf I n fcat^ftHMmWl*** 

OBffl&mttik TV H-7-OSI4 <DS«¥«frcO o 

ztx\ tKimTmrnki-zzk 
x\ sumffivf *{&<m 

HZkifiX^i. m=f-m&k\i.. 5vHcfif£<0||& 

h^mm^mmwF^mxmmmm 
mmxh"). mim^mm^xm^mm^mt 

* ho-AfclT. L<Ji 7 0*;/ :/*M3- 

Ojfv^ b o- AkXtlzmm-fh . 
[00 10] 

[ HSfefify ] II l li**»*>-3atw*>« & v— f %*<r> 

m&^-tmim-fmmx'hh. wt. znmzmz 

1 <7)ffimzmfeZt\Z> fcOTUSri*. 



[0011] [5US091] 

(a* 7 7tI2) 24>"f-tf, CnS^iffit-rs-t^T 
-f7J:0*4SMBSail*MOVPERB«S8rtt-fe-y 
5 0 0'CT*hi;^f-/^' , ;'>A (TMG) „ TV 
tr.T (NH 3 ) GaN^O^SSIlcOM'y^ 

r®i£-2 0 03j-y^xhQ-A<7)MJ?T:'^#$-ti-t. s 

l<0-K>y7 7JU&Kf£, 1 0 50*C-CISIt<GaNJ:') 

[0012] (nm3>??hm3) VlkrtZllZlX 
fWLfc-fr7 7-f 7»KJ:tf>GaNfc. »:t7y^-7 
kTMG, ^WtotiZ.tLXi'VVtfxZm^. 105 
0"CT'S i2:lxlO 18 /cm 3 H-7'L^GaNJ;0 
=6rtnfi!|3>-^^h«3 2r4. 5//m<7)BUlT-Jfc B : :*-tf- 
t. 

[00 1 3 3 (+0/14) &£8 5 0*CA»£> 9 5 OX;. 
#2L<li8 8 0'CT\ TMI ( h'J^fMy^ 
A) , TMG, 7y*:-7£fflV\ S i K-7VH n 
0 . 3 Ga 0 . 7 NJ:O^I.+^l5SrO. 5x£mOT*>]R 
J¥, »SL<<i0. 1 5umC0mxmZit&. & 

[0014] (n«?5vK15)«WC, TMIfcjh 
TMA ( MJ^f-^/PS-^iO £«U 10 
5 0X:£LT7>' K-TA l 0 ., 5 Ga 0 . 85 N 
?:2 5^y^hD-A«0Kl¥T'^§^ «WCTM 
ASrjtabT. x7>^JSEL. SiSrixlO'Vc 
m 3 K-rUnlGaNJ: D&tJBS: 2 S^y^h 

T8I8*JB*»*U SMVO. 2//m~l. 5//m. 
»^L<{i0. 7^m^@^J:0^tnffl^7 7h-Ji 
5S:^$-ti:t. ni?7-/Hlli, A l Jr-firtfaflS* 
^L<J±Al x Ga,. x N (0<X<1 ) & 

^mmmmti-izkimtK. zt>izmi< 

tiGaNfcAlGaNi: £«Jf Lfcfiffi^flBtk-f * . 

[0015] ( n«;!M HS6 ) HOT. IsvVfi* 
$rittf>, TMIi&aL, 8 5 0*C-9 5 0-C. ff^L< 
liSSO'CT^yh'-n no^Gao^NJ: 
10*y7xha-J*<r)!$®Xflt%Z-£. m^XTM I 
*iW>T, 7yK-rGaN«J:0 : 5rSii$rl O^y/^. 

LTS^e^fflfi£L. ?TO5 0jfy^ho-A- 
2 50 07ry7'xha-A. if^Ktisoo^y^x 

hn-A~8 0 0Ji-y^hn-A, SECff^L<«i7 
5 0^>-^Xha-A^tS^J:O^I>nffl!l7t^ 

[00161 (ji§tt®7) WL^X. TMIS-ggL. 75 
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Or-8 5 0'C. mi<li8 2 0X:?TyV-TI n 

0. 3 G a 0 . , N*>£>*I>#FJI* 3 0*V<?X ha-A. 
7yH-rGaN*^^rl.^-vyr®Sr 1 03fy/^h 
o-A. g?WC8 5 0X>-9 5 0 , C. i?£L<li880 

6 0*V^XhD-Af&H3-tf\ ZtlH^TlLX^ 

ft 6^r«i LJtvStti 7 zmz-ttz . 

C00 17] (pm**-/TM8) mzTMl£±tb. 
TMA£ffiU Mg$rixi 0 20 /cm3H-TL>tp 
g>A l 0 . 3 Ga 0 . 7 NJ:9*4*+ y7V18£l 0*^ 
^hD-MXh, 0. 1/xmOT. ff4L<ttl 0 0* 

[00 18] (p§Bby>fH«9)«V^r, TMASrjh 
*>. TMISrffiU 850'0-950'C, #£L<«8 
80*CT\ ryK-n n,.,Ga,. 9 NJ:'J J SriJl£l 
Otfy^ho-AcOffitff-Cj&SS-ti:. ggWCTM I £ 
±ibX. Mg5lxlO l8 -3xl0 1! /cm 3 H-7 
LfcGaNJ: 9*41* 1 O^y^Xhn-AOKJJT 

hD-A, L<l±5 0 03j-y^hn-A~8 00 
^y^hD-A, StCiftL<li7 5 0^>-/Xho 

-A<OiBlS*J:9**pOBIMr-f F*9*d»3-£*. 
[00 19] (pflP9<yKJI10) Hot, TMASr 
SEl/t, 8 5O'C~lO5O*CT'TyH-7-Al 0 . 15 G 
a 0 . 85 N J: 9*41*2 5*y/*hn-AOl8?JrefiK 
SStf. airVCTMAfcjfcftT. Mg£3xi 0 I8 ~5 
X 1 0 18 /c m* F-rLfcGaNJ: 9*41*2 5* 

1. 5/xm. *f£L«iO. 7 J um<0jSBf&?J:9*4p 
5? HI 10 

[0020] <pffl3V*?HSl 1) ffiklZ^ 850 
•C~l 0 5 0 < C-Cpffl!l?7-y HJS1 OcO±t:, Mg£l 
x l 0 JO /cm 3 F-7*L^pSGaNJ:9*4pli3 
v99Vm \ 1* l5 0*>7AYu-&nimX'&L%: 
£-£4. pUny^^MtipSoi n,Ga,A 1 ,. x . 
y N (OSX. OSY. X + Y^l ) TlfjfiS;-r4C:i:* { 
? $f£L<teMg£K-:rU:GaN, InGaN 
ti-^Uf, P«ffii:ft*>ffiU^-S-/^«aiW t tt4> 

fii>. nyf^bminimmim^.-tmx'hh^ 

X\ 1X10"/ cm* &±<Dii**VTm.t1-Z>Z 
i#S4U\ lxlO'Vcm3J:0{Sv%i:, mfiifc 
# 4 L V 5 -y ? £#4tf>#8 I < * 4tSltqtc *> 4 . 
S^Kny^MOia&J-GaN. InGaNfU 
Ji, GaN, I nGaN££0ilt&?fc-f£fc, 

[ 0 0 2 l ] lilt*) J: 3 KLTSfl^Slft*^^ 

*?bJBl 1«C m$L<W#.<r>-?x?ZitLX. 



(SI. 5j*mc7);*.h7>fTA>t,&4Si0 2 J:9*4£ 
g&*fl9!t4. gaSSBtift. R I E (RfBtt^f^y 
x-yf-y^) *$v\ HlK^iat. pffl?7-yK 
1 1 0 1 plBBfctf-f K19 t^ffi#jfitt*X-y^>^ 
frfrWCl- 5Am<0Xh94r#W$i£S&*^f£t 
4. 

[0022]* hy^f rmmmmk. s i o 2 7x? 

mzimLX. p«3y^^hJB±tJKRLfcSi0 2 
*JMBU*L. y7htf7i££J:9Si0 2 i:&£. P 

m?>99 vm&zbhzrOiimttb. 

[0023] ZVXolz. SttlJ:9i±«fc»**& 
7. h 9 4 TtfO 'J -y ^ttt 1 4 i t frci 9 . iSttl^) 
IBfctfT. hyJTVv i*0Tfc&+^4 J: 3 fc*oTia 
ffl* { fiT-T4 . mciSlg? J: 9*4 Pdl? 5 -y HJB 1 0 
BUt?)Jl* U y S3B«fc ■** CI t tfSifc U 

[ 0 0 2 4 ] y -y Affile S i 0 2 "7X 2? 

U RI EiZX^-vy-yy^K n(fflay^?h^3 

^B5rHai$-ti-4. *CpH3^^M1 lO'J-y 

* { t#£>ft4 p«S2 Otf>*mt LT(i. fliifcf N i . P 
t. Pd. Ni/Au, Pt/Au. Pd/Au^f 
ff4Cl!:tfT-£4. 

[0025]-*. TitAl J:9*4nmffi22£$t 

jjfc'^ais-^ nun y ? ? hm 3 mmtzx v 5 ^ r 

«(C^J«t4. nfflj|3y^^hl3i:Sf4Lv^-S y 
?<^#<5ft4 nm«E2 20W^t UTttA 1 . T i . 
W s Cu s Zn, Sn, I n^^E^U<tt^*W 

[0026] mzmiiZ7fit£oiZpW&2 0b, nf 

®2 2 toratnai Lizmmmwmv&wtz s i o 

2 <t9*4f^iK3 0*^)iEL. £<0*ftS&3 0**1-1, 

Tpmss2 otiMW(ciitftP^7 nmfii2 1 . a 

£VnWM22 tmSmizmigiliZn/U, Hlfig2 3 * 
4. ;<7)p^7 Hm«S2 2teH«W*pmfii2 1 
O^BS*^fT. pmSffll^V^-^-^yr-f 
^ #yr -f y?x% 4 «t 3 fc-t 4f£ffl#*> 4 . 
nA- 7 YW&2 3Jinl;|g2 2<7)|lJ^iX*|5fiitt4^ffl 
A { *4. 

[00 27] tLhOi^HL-C. p. nlf'tyKf&BB 
OMBWaaf6ffl) T'GaN2:|*^LT'7XA-S:A' 

i o o 28 ] mzttiztKwm* 1 ?* *-xyr < y 
six. sis-c-u— nmtvfrtibzz. s&tzs» 
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TBffl«8K«*2. OkA/cm^ ®mmE.4. OV 

t. ^»*4 5 5 n mcomm%Mtmmzti, 1 0 0 

0^iaiiLh^5Wfe$r*L^. 

[0029] imm2 ] siiwii cts^T. vStti* 

cO#F«cOS^?r I n 0 . 53 Ga 0 . 47 Nt LJtffitilBiaC 

SSS5S2. 0kA/cm«,BMKE4. 0VT\ HH 
I^5 20n m<0iiBH&»<iiig3*U 5 0 0 «$HtU: 

[00 30] [JWM3] Wt«HC«V^. fiSttl* 

•vrmom&z a i 0 . , Ga 0 . 9 n t LfcftiiHtt 

LT l/-flT Srf^S Uc t Z b , HfK8N&X 2 . 
0kA/cm2, lttE4. OVT. 8Sttft4 5 5 
nm^itlBWSWilBSn, 5 0 0*R|J2U:tf>3Wfr£* 

[003 1] [XH0I4] XJtMl££lYt, nfflfttf 
AYttWffli.. mS^X. TMlSrffiU 7 5 0*0-8 

5 0'C, 1&tL<li8 2 0X:X'7yV-TI n u Ga 

o. 7 n*»*>=5:&#f®$' 30jry/xh-p-A. ryK 

A, «VV£TM I £ih*\ 8 5 0*0-9 5 O'C, L 
<te8 8 0°CT-Ty K-7V)G aN*>A>&i> AD TJf £ 

6 0*y;/;*.ba-Aj&ft$-ti\ l*V/*fcb"t£ 

[00 3 2] [»tt«5]SWt«lfc*J^T. «8tt«7 
ftv^r^K-n n,. l Ga 0 . 9 NJ:O ! 0r* 
HSrl Mg^lflgTt'ttlxlO 
"/cn^F-rU 2ig»lil XI 018-3X1 
0 18 /cm3 K-7U>:GaNJ:')«I^l 0^^ 

JiKU IglilSTSOJry^hD-AiOSlgTiO^S 

pWbrH K®9 $rfig;^$-ti:SJ^Ni:|5i«tcLru— if 

*?*fBKLfc. -toe*, gum tjatjisiao^m 

[0033] [JIKW6] Cffllr±]Bi:"f 
r 4 T«t OfrSHaajgl £M0 VPERJEgS 
rtfc-fc-yhU SOOXrChU^f-A'jyi'tf.MTM 
G) . (NH 3 > 2rffli\ GaNJ: 9$r4'< 

•y 7 r H£ 2 0 0 * y/X h n-i»*>RJ!?**S-£ 
^v7rJ|«JHft. 1 0 50"CT'|3H:<GaN«tO 

[0034] T««*«a. ">X/\-£K(5&3sa>£>IK 

E</)£j£g§§|*|{;:-t -y h U }Bft£ 1 0 5 O'CtcLT, 
TMG, T^-r^fflU. TyH-7GaNJf$- 1 0 



- $• M O V P E *» 4> H V P E gSfc#j* L G a * ? 

^try^-r. hc i , is5>#z&m^ sizi 

X 1 0 18 /cm3 H-rUcnSGaNSI:200jum 

[0035] nIGaNlWfi Sttffll J: PlttC L 
T, ni;7 7Ki. n«BK#-f HAL iSttJB. pHI* 
+ 77*1, pIKfe-MF*, Pi?7 7Hi> Piny 
**h«tf>JRrWILTO<. $<o£RIEfcJ:oTn 
ffl|3V*?h«*«IIH&*ai3tf. 'J-y^ P*iffi. n 
*S***vWi#J*U BflSHl i NII«aOMlBT'GaNt 

[0036] mss-v-Y^-^y-f-f y/LT, asa-c 

*JV»TH0««SBIP*2. OkA/cm!, Kfi«ffi4. 

o vt\ *gm&4 5 5 nmnmmimtmmzti. 1 

0 0 0^1iUKO»^2r^L^. 
[0037] [0US0H7 ] 02tt#&H/i<Of6^0lteWc 

muz^comifnix^h. arzcom^Ttizmmmi 

fcOlrVCBMW-*. t?l<(ym?>Si b'-TGaN 

[0038] (GaNat2)2^yf^, CI5±I 
fc'ti^r'fTJiO^IWHHRliMOVPEEie 
-y h L, 5 0 O'CT' MJ * */Wf U •> A ( T 
MG) , TVt-T ( NH 3 ) fcJBn, GaNJ:'9 : 5:«. 
yN'-y 7 Sr 2 0 0 y/X h P-ACDJ^JIT'^^ * 
S. A 7 7rMm 10 50*CT'|S|t<GaN < J:0 

[0039] T«M«^. ^XVN-SrSJE^A^K 

Eff)BUBBMHZ*vhl* aS2:10 50X;^t-C, 
TMG N ry^XTSrfflt\ ryH-TGaNlSrlO 
x/m«ft$-li:, Si0 2 ^fflS-So. fi£W^ <7xy\ 
-S-MOVPE^l*^HVPE^S^iSL-Ga^^ 
)Vt7y*-T. HC 1, X7y#x£fflv\ Si Sri 
X 1 0 1! /cm s F-7'LfcnI!GaNJi£2 0 0jum 

vmMX'&L&z-th. zziX'\tmtm3tntx%i> 

WSLT, -t7T-fTS«. a' 7 7t1. Tffil. fiS 
^^*^l.;k{Cj:0, ISKJf 1 70/im<?5S i H— 
7-GaNA>£3T&GaNg$2£tmtS. SiH-7 
GaNOS i SIS{i5 x 1 0 17 ~1 X 1 0 19 /cm3c7) 

[0040] ^<c>tl7tGaNS«2±t. nfl?7yF 
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pOQny?? h®l lOU-y^'aaffiHN i/Au 
J:9£l>Pmffi2 0£*b747m:jgj£U P«ffi2 
om^ig^ffiw^ktt^frltcs i OjJ: 9&6fe 
$ffi!3 0£JBj£U «I<O*feMiffi^L-CpmS2 0t« 

awtSNKLfep^-y Hm«i2 1 ZBfcth. pfflamfis 

SS2<9±ffi_LKn«®2 2i: ITTi/A 1 £D&** 
-S-y^Hfii&tfTi , Pt. Au, Au/Sn(7)4i 

[004 1] JiLhOj: 3 LT*tt*»l«*. fiMt** 

U -tw/<-<o»HliBK»«lif«:faW-*. ftSffift^ 

[004 2] mzpmfaw&y-i^-xv^i y?. n 

iBKJ5Vvtg|ffi1t8H&&2. OkA/cmMIlE 
4 . 0 VX\ 30m&4 5 5 nmcoa^f&ii#ili2$ 

[00433 

[^o^m] mtmmitiXoiz. wwrciisiwr-f 
vmnmmmt&< u %m vmt 9 v mtn® 

[01] 



i&ftttttPIK&D, 400nmH540nm > 

4 3 0 n m*>£> 5 4 0 n mKMvC , %%&>$miS^W. 

[0i ] mm. tt^mto^w&w-mv 
[02] 02tj. xftimmmmmTmvm 

COBB** LM&mMBfrCh Z> . 



1 • • 


nests 


2 • • 




3 • • 


• nM3>99 M 


4 • • 




5 • • 


• nM9yy\ i M 


6 • • 


■ nf&&f4 KB 


7 • • 




8 • • 


• pra^-vyTs 


9 • • 


• Pffi!l»f HJB 


1 0 • 


• • pd?7-y HI 


1 1 • 


• • pOT^y?? hJS 


20 • 


• • p1S§ 


2 1 • 


• • pVN'-y VMM 


22 • 


■ • nS86 


23 • 




30 • 


• • *m® 




[02] 



i i :p«3»na 

1 Orpfcttm-fl 

7 :fiS£JB 
5 :nWm'<Y' IB 

1 :AaSfi' 




2 1 :pa'7^ «« 
2 0:p*ft 

3 :on'»r «fi 
2 2 :n*tt 



1 l:pfl])OIIB 
I 0:p<HW JB 

8:p«tt*7'fl 

5:n*l«>r JB — 
2 :GaNfi« — 




2 1 :pA"7K At ft 



2 0 :d«S 

3 0:ttft& 



2 2 



